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SUMMARY 

Four  identical  four-place,  high-wing,  single-engine  airplane  specimens  with 
nominal  masses  of  1043  kg  were  crash  tested  at  the  Langley  Impact  Dynamics 
Research  Facility  under  controlled  free-flight  conditions.  These  tests  were 
conducted  with  nominal  velocities  of  25  m/sec  along  the  flight  path  at  various 
flight-path  angles,  ground-contact  pitch  angles,  and  roll  angles.  Three  of the, 
airplane  specimens  were  crashed  on  a  concrete  surface;  one  was  crashed  on  soil. 

Crash  tests  revealed  that  on  a  hard  landing,  the  main  landing  gear  absorbed 
about  twice  the  energy  for  which  the  gear  was  designed  but  sprang  back,  tending 
to  tip  the  airplane  up  to  its  nose. On concrete  surfaces,  the  airplane  impacted 
and  remained  in  the  impact  attitude.  On  soil,  the  airplane  flipped  over on its 
back.  The  crash  impact on the  nose  of  the  airplane,  whether on  soil or concrete, 
caused  massive  structural  crushing  of  the  forward  fuselage.  The  livable  volume 
was  maintained  in  both  the  hard-landing  and  the  nose-down  specimens  but  was  not 
maintained  in  the  roll-impact  and  nose-down-on-soil  specimens.  The  pilot  and 
copilot  dummies  impacted  the  instrument  panel  in  the  airplane  specimens  that  lost 
cabin  volume.  Peak  accelerations  on  the  cabin  floor  were  generally  under  -25g; 
for  the  nose-down-on-soil  specimen,  however,  they  were as high  as  -45g.  The 
highest  accelerations  in  the  dummies'  pelvises  were  in  the  normal  direction  and 
peaked as high as  -659  in  the  nose-down-on-soil  test.  The  dummies'  heads  that 
impacted  the  structure  experienced  accelerations  as  high  as  -6Og,  while  non- 
impact  accelerations  were  about  -2Og. 

INTRODUCTION 

With  the  rapid  growth of  private  and  commercial  air  traffic  since  World 
War 11, increasing  emphasis  has  been  focused  on  the  causes  of  passenger  injuries 
and  death  in  severe  but  potentially  survivable  crashes.  The  National  Advisory 
Committee  for  Aeronautics  (NACA)  conducted  a  series of full-scale  airplane  crash 
tests  with  instrumented  dummies  in  the  1950's  (refs. 1 and 2) . These  tests  were 
performed  by  accelerating  the  airplane  along  a  horizontal  guide  rail  and  crash- 
ing  it  into  an  earthen  mound.  Later  NACA  studies on the  dynamic  response  of 
seat  structures to impact  loads  (ref. 3)  resulted  in  a Civil  Aeronautics  Admin- 
istration  (CAA)  update  in  static  seat-strength  requirements.  The  airplanes  pre- 
viously  tested  by  NACA,  however,  were  not  structurally  representative  of  current 
general-aviation  airplanes. 

In  1973,  a  general-aviation  crash-test  program  was  initiated  jointly  by  the 
National  Aeronautics  and  Space  Administration  (NASA)  and  the  Federal  Aviation 
Administration  (FAA)  (ref.  4).  As  part  of  this  program,  the  NASA  Langley 
Research  Center  has  conducted  a  series  of  crash  tests  to  obtain  information  on 
general-aviation  airplane  crashes  under  controlled  free-flight  conditions 
(refs. 5 to 8). Langley's  studies  are  directed  toward  those  crashes  in  which 
the  airplane  structure  retains  sufficient  cabin  volume  and  integrity  for  occu- 
pant  survivability.  The  objectives  of  the  studies  are  to  determine  the  dynamic 
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r e sponse   o f   t he   a i rp l ane   s t ruc tu res ,  seats, and  occupants  during a s imula ted  
c ra sh ;  to d e t e r m i n e   t h e   e f f e c t   o f   f l i g h t  parameters a t  impact ( i . e , ,  f l i g h t  
speed ,   f l igh t -pa th   angle ,   p i tch   angle ,  rol l  angle ,   and  ground  condi t ion)   on  the 
magni tude   and   pa t te rn   o f   s t ruc tura l  damage; to d e t e r m i n e   t h e   f a i l u r e  modes of 
t h e  seats and  occupant  restraint   systems;  and to de termine   the   loads  imposed 
upon the  occupants .   This   information is e s s e n t i a l   f o r   p r e d i c t i n g   s t r u c t u r a l  
collapse and f o r   d e s i g n i n g   s a f e r  seats, occupant   res t ra int   systems,   and  cabin 
s t r u c t u r e s .  

The p r e s e n t  tests were conducted to o b t a i n  a da ta   base   o f   c r a sh   i n fo rma t ion  
for four-place, high-wing,  single-engine  airplanes.   This report d e s c r i b e s   t h e  
r e s u l t s  of f o u r   a i r p l a n e   c r a s h  tests. Each a i rp l ane   had  a g r o s s  mass of 1043 kg 
and was impacted a t  a nominal   f l igh t -pa th   ve loc i ty   o f  25 m/sec a t  v a r i o u s   f l i g h t -  
path  angles ,   ground-contact   p i tch  angles ,   and ro l l  angles .   Three  of   the air-  
p l anes  were crashed  on a conc re t e  surface and  one on soil.  The p i lo t  and copilot 
were represented  by  anthropomorphic dummies. E f f e c t s   o f   t h e   f l i g h t  parameters 
a t  impact are discussed i n  terms o f   s t r u c t u r a l  damage, a c c e l e r a t i o n s   o f   t h e  
a i r p l a n e   s t r u c t u r e  and   occupants ,   and   loads   in   the   passenger   res t ra in t   sys tem.  
These  data  can  be  used to assess f u t u r e  a n a l y t i c a l   p r e d i c t i o n s  of stresses, 
s t r a i n s ,  and  motions  of  structural   components  and  seat/occupant  behavior.  A 
motion-picture  f i lm  supplement  of  these tests is ava i lab le   on   loan .  A r e q u e s t  
c a r d  form  and a d e s c r i p t i o n   o f   t h e   f i l m  are g iven  a t  t h e  back  of t h i s  paper. 

TEST  FACILITY AND PROCEDURES 

F a c i l i t y  

The c r a s h  tests were performed a t  the  Langley Impact Dynamics Research 
F a c i l i t y  shown i n   f i g u r e  1 .  The gan t ry  is composed o f   t ru s s   e l emen t s   a r r anged  
w i t h   t h r e e  sets o f   i n c l i n e d  legs to g i v e   v e r t i c a l   a n d  la teral  support and 
another set o f   i n c l i n e d   l e g s  to  provide   longi tudina l  support. The g a n t r y  is 
73 m high  and 1 2 2  m long. The s u p p o r t i n g   l e g s  are spread  81 m apart a t  t h e  
ground  and 20 m apart a t  t h e  66-m l e v e l .  An enclosed   e leva tor   and  a s t a i rway  
provide access to  the  overhead work platforms,   and catwalks permit s a f e  tra- 
verse   o f   the   upper   l eve ls  of the   gan t ry .  A movable   br idge  spans  the  gantry a t  
t h e  66-m l e v e l  and   t r ave r ses   t he   l eng th   o f   t he   gan t ry .  Shown i n   f i g u r e  2 is a 
ske tch   o f  a full-scale  airplane  specimen  suspended  from  the  gantry  in  the posi- 
t ion   ready  to be swung o n t o   t h e  impact su r face .  The r e in fo rced   conc re t e  impact 
s u r f a c e  permits tests to be  repeated  and allows comparison  between tests. A 
soi l  test bed  approximately 1 2 . 1  m wide, 2 4 . 4  m long,  and 1 . 2  m deep was p laced  
on   the   concre te  impact su r face   fo r   one  test. The test bed  simulated a plowed 
f i e l d ;   t h a t  is, it was s u f f i c i e n t l y   f i r m  to suppor t  a l i g h t  tractor with  pneu- 
matic t i res  and s o f t  enough f o r   t h e   a i r c r a f t  to s i n k   i n t o   t h e  soi l  du r ing   t he  
c r a s h   ( r e f .  9 ) .  Detailed in fo rma t ion   abou t   t he   f ac i l i t i e s   u sed  to c a r r y  o u t  a 
s u c c e s s f u l   a i r c r a f t   c r a s h  test  is reported i n   r e f e r e n c e  1 0 .  

Crash-Test  Technique 

The test technique  used to crash   the   a i rp lane   spec imens  is shown schemati- 
c a l l y   i n   f i g u r e  3 .  The a i r p l a n e  Specimen,  suspended  by t w o  swing c a b l e s  
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a t tached  to t h e  top of   the   gant ry ,  is drawn  back  and  above the   impact   sur face  
by a pul lback   cab le  to a he ight   o f   about  49 m. The test sequence  begins when 
the  a i rplane  specimen is re l eased  from the   pu l lback   cab le .  The a i rp lane   spec-  
imen swings  pendulum s ty l e   on to   t he   impac t   su r f  ace. The  swing c a b l e s  are 
pyrotechnical ly   separated  f rom  the  a i rplane  specimen when t h e   a i r p l a n e  is about  
1 m above  the  impact  surface  in order to f r e e  it from r e s t r a i n t   d u r i n g   t h e  
crash  impact ,  The umbil ical   cable   remains  a t tached  during  the  impact   for   data  
a c q u i s i t i o n  and is pyro technica l ly   separa ted   about  0.75. sec af te r  swing-cable 
sepa ra t ion ,  which occurs about  1/2 sec a f t e r  ground  contact.  

Airplane  specimen  a t t i tude a t  impact can   be   ad jus ted   p r ior  to t e s t i n g  by 
changing  the  length  of   the  cables   in   the  suspension  system.  Adjustments   up to 
about 30° can  be made i n   a n g l e   o f  attack and ro l l  angle.  Only small adjustments  
can  be made in  yaw angle   because  of   the small clearance  between  the  pul lback 
harness  and empennage o f   t he   a i rp l ane .   Add i t iona l  yaw can  be  added by removing 
t h e   s t a b i l i z e r s  and  simulating them with  concentrated masses. 

Airplane  Suspension  System 

The airplane  suspension  system  used to control  the  swing  and  impact a t t i -  
tude   o f   th i s   a i rp lane   spec imen is shown i n   f i g u r e  4 .  The f l i g h t   v a r i a b l e s  a t  
impact ,   def ined   in   f igure  5,  are f l igh t -pa th   angle  y ,  angle   of  a t tack a ,  p i t c h  
angle  8 = y + a ,  ro l l  angle  @, and yaw angle  $. The swing  and  pullback  cables 
connect to the  swing  and  pullback  harnesses. The swing   harness   cons is t s   o f  t w o  
swing-cable  extensions which a t tach  to t h e  wing ha rd   po in t s  to  suppor t   t he  a i r -  
plane  specimen  and to  c o n t r o l  r o l l  angle .  There are t w o  sets o f   p i t ch   cab le s  
tha t   connec t  to the  swing-cable  r ings  and to fuse l age   ha rd   po in t s   fo re   and   a f t  
of t h e   a i r p l a n e   c e n t e r   o f   g r a v i t y  to cont ro l   the   angle   o f  a t tack .  The in t e rac -  
t i o n   o f  a l l  c a b l e s   i n  t h e  harness   system is involved  in  yaw c o n t r o l .  The p u l l -  
back h a r n e s s   c o n s i s t s  of a pa i r   o f   cab le s   a t t ached  to t h e  wing hard   po in ts ,  a 
pa i r   o f   cab le s   a t t ached  to the  landing-gear s t r u t s ,  and a bar which spreads  the  
cab le s  to clear t h e   a i r p l a n e   f u s e l a g e  and  empennage. The pul lback   cab le  
a t t ached  to t h i s   h a r n e s s  is u s e d  to p u l l   t h e   a i r p l a n e  to the   he ight   necessary  to 
produce   the   des i red   ve loc i ty  a t  impact.  An umbilical cable   l inks   the   onboard  
ins t rumenta t ion  to a da ta -acquis i t ion   sys tem  loca ted   in  a b u i l d i n g   a d j a c e n t   t o  
t he   gan t ry .  

Test Parameters 

The f l i gh t -pa th   ang le s  and a t t i t u d e  a n g l e s   f o r   t h e   a i r p l a n e s  are iden t i -  
f i e d   i n   f i g u r e   5 ,   a l o n g   w i t h   t h e   r e f e r e n c e   a x e s .   P o s i t i v e   f o r c e   d i r e c t i o n s  
coincide  with t h e  r e fe rence   axes .  The ac tua l  t e s t  pa rame te r s   fo r   t he   fou r  tests 
repor t ed   he re ,   a long   w i th   pho tographs   i l l u s t r a t ing   t he   impac t   a t t i t ude   fo r   each  
a i r p l a n e  test specimen, are p resen ted   i n   f i gu re  6 .  For consistency  and  brev- 
i t y ,   each  test and  airplane  specimen w i l l  h e r e a f t e r  be i d e n t i f i e d  by word 
d e s c r i p t i o n s  ( i . e . ,  hard-landing, ro l l  impact, nose-down impact,  and nose-down- 
on-soi l   impact)   for   impact   posi t ions shown i n   f i g u r e s   6 ( a )  to 6 (d )   r e spec t ive ly .  
Detai led  descr ipt ions  of   these  impact   condi t ions are g i v e n   i n   t h e   i n d i v i d u a l  
" R e s u l t s  and Discussion"  sect ions.  The nominal   f l igh t -pa th   ve loc i ty  was 
25 m/sec, which is approximately  the s t a l l  speed   for   an   a i rp lane  of t h i s   t y p e .  
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The  dynamics  of  the  swing  system  caused  the  airplane  to  pitch  around  its  own 
center  of  gravity  after  cable  separation.  However,  this  was  a  small  effect  and 
results  in  less  than l o  of  pitch  variation  at  impact  for  all  test  conditions. 

Airplane  Test  Specimen 

Airplane  specimens  used  for  the  tests  were  identical  single-engine,  high- 
wing,  general-aviation  airplanes  having  a  nominal  mass  of 1043 kg  with  a  capac- 
ity  for  four  occupants  (see  fig. 7 ) .  The  four  airplane  specimens  were  complete 
except  for  the  upholstery  and  empennage.  The  mass  and  center  of  gravity  of  the 
empennage  were  simulated  by  two  concentrated  masses  representing  the  fin-rudder 
and  stabilizer-elevator  combinations.  The  fuel  tanks  were  filled  with  water  to 
simulate  the  fuel  mass.  Spoilers  were  attached  to  the  wings  to  minimize  the 
aerodynamic  lift.  The  exterior  and  interior  of  the  airplane  specimens  were 
painted  to  enhance  the  photographic  contrast,  and  black  lines  were  painted  over 
rivet  lines  to  delineate  the  underlying  structure. 

The  four  airplanes  carried  the  same  basic  equipment  necessary  for  the 
tests.  Anthropomorphic  dummies,  each  with  a  mass of 102 kg,  occupied  the 
pilot's  and  copilot's  seats  (fig. 8 ) .  The  seats  were  standard  equipment  for  an 
airplane  of  this  type.  The  restraint  systems  were  standard  for  the  pilot  and 
copilot;  they  consisted  of  lap  belts  fastened to the  airplane  floor  and  single 
shoulder  harnesses  attached  between  the  top  of  the  fuselage  and  the  lap  belt. 
The  passenger  compartment  (figs. 9 ,  10, and 1 1 )  contained  additional  equipment 
which  brought  the  weight  up  to 1043 kg. 

Instrumentation  and  Data  Preparation 

Onboard  instrumentation  for  obtaining  data  pertaining to the  dynamic  behav- 
ior of  the  airplane  structure,  seats,  and  dummies  consisted  of  dc  accelerom- 
eters,  high-speed  motion-picture  cameras,  and  load  cells.  Figure 10 shows  a 
camera  viewing  the  cabin  from  the  rear  of  the  luggage  compartment.  Figure 11 
shows  a  camera  mounted  at  the  wing-spar  junction  which  views  the  pilot  through 
the  port  doorway  (door  removed).  Figure 1 2  shows  a  camera  mounted  in  the 
instrument  panel  for  viewing  the  pilot  and  copilot  dummies  through  a  fish-eye 
lens. 

External  motion-picture  coverage  of  the  crash  sequence  at  various  film 
speeds  was  provided  by  tracking  and  fixed  cameras  located  to  the  port  side, 
front,  back,  and  overhead  of  the  test  specimen  (fig. 2). To obtain  the  horizon- 
tal velocity  of  the  test  specimen  at  impact,  a  Doppler  radar  unit  was  placed on 
the  impact  surface,  approximately 60 m  aft  of  the  impact  point,  and  the  signal 
was  recorded on  one  channel  of  an FM tape  recorder. 

The  locations of the  accelerometers  onboard  the  airplanes  are  shown  in  fig- 
ure 1 3 .  The  accelerometers  were  oriented  along  the  normal (21, longitudinal 
(X), and  transverse (Y) axes,  as  shown  in  figure 5. Each  location is designated 
by  its  grid  coordinates  as  follows:  the  first  number  indicates  the  longitudinal 
coordinate;  the  first  letter  indicates  the  normal  coordinate  (floor  to  roof); 
the  second  number  indicates  the  transverse  coordinate;  and  the  second  letter 
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indicates  the  accelerometer  orientation  with  respect  to  the  airplane  body-axis 
system.  For  example,  the  normal  accelerometer  location on the  floor  nearest  the 
pilot  on  the  port  side  of  the  fuselage  is  designated  2D8N.  The  normal,  longitu- 
dinal,  and  transverse  orientations  are  designated as N, L, and T, respectively. 
The  accelerometer  locations  and  their  orientation  in  the  dummies  are  given  in 
the  table  in  figure  13.  The  orientations  of  the  accelerometers  are  given  in  the 
dummy's  body-axis  system,  and  the  locations  are  given  in  the  airplane  grid 
coordinate  system. 

Data  signals  were  transmitted  from  the  specimen  through  an  umbilical  cable 
to  a  junction  box  on  top  of  the  gantry,  then  through  hardwire to the  control 
room  where  they  were  recorded on FM tape  recorders  (fig. 2). To correlate  the 
data  signals on the E" recorders  with  the  external  motion-picture  camera  data, 
a  time  code  was  recorded  simultaneously  on  the  magnetic  tape  and on the  film. 
There  was  also  a  time  pulse  generator  onboard  the  airplane  for  the  onboard 
cameras. 

The  raw  data  from  the E" tape  recorders  were  digitized  and  filtered  with  a 
20-Hz  digital  filter  to  remove  the  higher  frequencies  that  resulted frcnn local 
structural  vibrations.  Calibration  information  was  used  to  convert  the  results 
to  engineering  units  from  which  acceleration  curves  were  plotted.  The  analysis 
of  the  acceleration  histories  and  the  loads  include  time-event  correlation  from 
the  corresponding  motion-picture  crash  scenes,  and  these  time  events  are  super- 
imposed on the  data  curves. 

ReSULTS AND DISCUSSION OF HARD-LANDING TEST 

Crash  Dynamics 

A  photographic  sequence.(fig.  14)  illustrates  the  crash  dynamics  of  the 
airplane  test  specimen  during  a  simulated  hard  landing  starting at initial 
ground  contact.  The  airplane  specimen  contacted  the  concrete  impact  surface  on 
the  starboard  landing  gear  with  a  velocity  of  22.7  m/sec  along  a  flight-path 
angle  of -17O and  at  a  pitch  angle  of  13.5O,  a  roll  angle of 3.5O,  and  a  yaw 
angle of -11.5O. The  sink  velocity  of  this  airplane  test  was  6.64  m/sec,  which 
is about  twice  the  design  sink  velocity.  The  port  landing  gear  contacted  the 
impact  surface  0.027  sec  after  initial  ground  contact,  at  which  time  the  air- 
plane  had  a  pitch  angle  of  14.25O.  At  0.037  sec  into  the  impact,  the  nose  gear 
contacted  the  impact  surface,  resulting  in  total  collapse of the  gear  at 0.10 
sec,  while  the  airplane  remained  at  a  constant  13.25O  pitch-up  angle.  The  main 
landing  gear  reached  its  greatest  deflection  at 0.118 sec  with  the  fuselage 
undersurface  parallel  with  the  impact  surface.  The  spring  steel  landing  gear 
started  to  spring  back,  imparting  a  forward  (nose-down)  pitching  moment  to  the 
airplane  which  resulted  in  a  -28.75O  pitch  attitude  of  the  airplane  with  the 
collapsed  nose  gear  in  ground  contact.  The  airplane  then  settled  back  onto  its 
main  landing  gear  as  the  airplane  pitched  up,  deflecting  the  main  gear  and  once 
again  imparting  a  spring  back  that  lifted  the  airplane  off  the  impact  surface  in 
a  nearly  level  attitude. It then  settled  onto  the  main  gear  and  collapsed  nose 
gear  and  rolled  to  a  stop  about 80 m  from  touch  down.  The  pilot  and  copilot 
dummies  remained  relatively  motionless  during  the  impact. 

5 



Assessment  of Damage 

Postcrash  photographs of t h e  damage sus t a ined  by the a i r p l a n e  test specimen 
are p r e s e n t e d   i n  figure 15. The l i v a b l e   c a b i n  volume (i.e., a volume s u f f i c i e n t  
i n   s i z e  to  maintain space between  the  occupants  and t h e  s t r u c t u r e )  was main- 
ta ined   dur ing   the  crash impact. 

F igure   15(a)  shows the   a i rp l ane   r e s t ing   on  the  main  landing  gear,  t he  col- 
lapsed nose gear, and  the  forward  fuselage  s t ructure .   There appeared to be lit- 
tle s t r u c t u r a l  damage overa l l ,   and   the   occupants   appeared  to  be s i t t i n g   i n  a 
normal   upr ight   pos i t ion   in  undamaged seats. A close-up  view  of  the  nose  landing 
gear   and   the   fuse lage   a t tachments  are p r e s e n t e d   i n   f i g u r e   1 5 ( b ) .  The composite 
wheel f a i r i n g  was broken  during impact. The lower attachment of the  landing- 
gear  s t rut  was broken away from  the f i re  wall and  fuselage structure; t h e  top 
attachment was t o r n  away from  the f i r e  wall a t  the  lower edge  and rotated back 
i n t o   t h e   f i r e  wall a t  t h e  top edge.  During  the impact, t h e   w h e e l   f a i r i n g  
r o t a t e d  upward and damaged the  engine a i r  scoop. 

The port main  landing  gear  and wheel ( f i g .   1 5 ( b ) )  show a damaged brake disc 
caused by t h e  disc contac t ing   and   sc rap ing   the   concre te  impact surface due to  
upward de f l ec t ion   o f   t he  main  landing  gear.  An i n t e r io r   v i ew  o f   t he   con t ro l  
cable   tunnel   and f i r e  wall i n s i d e   t h e   f u s e l a g e   ( f i g .   1 5 ( c ) )  shows moderate dam- 
age  in   the  form  of   buckl ing  and a fracture as a r e s u l t  of lower fuselage  and 
f i r e  wall upheaval .   Figure  15(d)   presents  a photograph  showing  wing-fuselage 
root damage i n  the  form of panel  buckling  and  fastener  shear  along the  wing 
root. Both wings were damaged i n   t h e  same manner as a r e s u l t  of the  downward 
de f l ec t ion   o f  t h e  wing dur ing  impact. 

Accelera t ion  Histories 

The a c c e l e r a t i o n  histories on   the   cab in  floor and i n   t h e  dummies as well as 
the loads i n   t h e   r e s t r a i n t   s y s t e m s  are p r e s e n t e d   i n   f i g u r e   1 6 .  The a c c e l e r a t i o n  
h i s t o r i e s  show t h a t   t h e  main impulse l a s t e d  for about  0.12 sec as t h e  main  gear 
deflected to its f u l l e s t .  The p e a k  value  of  the normal   accelerat ion  on  the 
cab in   f l oo r  is about  -5g, while t h e  p e a k  l o n g i t u d i n a l   a c c e l e r a t i o n s  are only  
about  -29, There was very  l i t t l e  acce le ra t ion   r e sponse  due to  t h e  main  gear 
spring  back. The a c c e l e r a t i o n s   i n  t he  dummies' pe lv ic   reg ions   and  heads 
( f ig .   16  (c))  were about  51 Og maximum in   bo th   the   normal   and   longi tudina l  direc- 
t ions .  The loads experienced by t h e  r e s t r a i n t   h a r n e s s   s y s t e m   ( f i g .   1 6 ( d ) )  were 
extremely small, wi th   t he   g rea t e s t   l eve l   (600  N) o c c u r r i n g   i n   t h e  copilot 's 
shoulder   harness .  

RESULTS AND DISCUSSION OF ROLL IMPACT TEST 

Crash D y n a m i c s  

A photographic   sequence   ( f ig .   17)   i l lus t ra tes   the   c rash   dynamics  of the  
a i r p l a n e  test specimen  during a p i tched-down,   pos i t ive- ro l l   ( r igh t  wing down) 
c r a s h   s t a r t i n g  a t  0.022 sec b e f o r e   i n i t i a l   g r o u n d   c o n t a c t   d u r i n g   t h e   f r e e - f l i g h t  
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s t a g e   a f t e r   c a b l e   s e p a r a t i o n ,  The airplane  specimen  contacted  the impact 
s u r f a c e  on the  nose  landing  gear   with a v e l o c i t y  of 25.9 m/sec along a f l i g h t -  
path  angle   of  -34.5O and a t  a p i t c h   a n g l e  of -39.0°, a rol l  angle   of  18.6O,  and 
a yaw angle   of  3.2O. The nose   gea r   s t a r t ed  to col lapse,   and  the  engine  cowling 
contacted  the  impact   surface  0 .028 sec af te r  i n i t i a l  ground  contact   fol lowed by 
the   s t a rboa rd  wing t i p  a t  0.035 sec. The windshield  began to  d e f l e c t  and t h e  
f i r e  w a l l  s t a r t e d  to p e n e t r a t e   t h e   c a b i n  a t  0.06 sec. A t  t h e  same time, t h e   a f t  
sect ion  of   the  fuselage  began to deform  and  the  starboard  landing  gear  contacted 
the  impact   surf  ace. The port landing   gear   contac ted   the  impact su r face  a t  
0.13 sec in to   the   impact ,   and   the  port wing immediately  thereaf ter   broke away 
from the   fu se l age  a t  t h e   a f t   s p a r  and  rotated  forward  around  the  f ront   spar .  

The approx ima te   p i t ch   a t t i t ude  was re ta ined   dur ing   c rash   impact ,  A t  
0.15 sec, t h e   a f t   c a b i n   s e c t i o n   p i t c h e d   f o r w a r d   a b o u t  l o o  as a r e s u l t   o f  main 
landing-gear  spring  back. The a i r p l a n e   t h e n   s e t t l e d  back to a b o u t  a 45O angle  
and  continued to s k i d  to a stop. The fuselage  cabin  remained a t  about   the  same 
p i t c h ,  roll, and yaw angles  as t h e   i n i t i a l   i m p a c t   a t t i t u d e .  

The instrument  panel  began to move toward  the  occupants a t  0.06 sec i n t o  
the  impact .  The p i l o t  dummy's head s t r u c k  the   ins t rument   pane l  a t  a b o u t  
0.11 sec followed by the   head   of   the   copi lo t  dummy. The fuse lage   top   caved   in ,  
caus ing   the   shoulder   s t raps  to go s lack and  a l lowing  the  occupants  to move for -  
ward  and rotate in s ide   t he   ha rness  as the  seats came o f f   t h e  floor. 

Assessment of Damage 

Pos tc rash   photographs   o f   the  damage sus t a ined  by the   ro l l - impac t   a i rp l ane  
test specimen are p resen ted   i n   f i gu re   18 .  The l i v a b l e  volume w a s  not   maintained 
dur ing   the   c rash  impact. 

- 

Figure   18  (a)  shows t h e   f i n a l   r e s t i n g   p o s i t i o n   o f   t h e   a i r p l a n e   a n d   t h e   o v e r -  
a l l  s t r u c t u r a l  damage viewed  from t h e   f r o n t .  The s l i g h t  S-shape  of  the  fuse- 
l age  ( i . e . ,  the  nose to por t   o f   cen te r   l i ne   and   t he  t a i l  to s ta rboard   o f   cen ter  
l i n e )  is apparent   and  resul ted from the   o f f -ax is   impact .  The s t a rboa rd  wing is 
seve re ly  damaged n e a r   t h e   t i p  where f i r s t  wing contac t   occur red .  The o f f - ax i s  
impact on the   s t a rboa rd  wing  and  nose  caused  the port wing to break away from 
the   fu se l age .  The impact w a s  severe  enough to buckle   the   s ta rboard  wing s t r u t ,  
which is a ve ry   s t i f f   s ruc tu ra l   e l emen t .   F igu re   18 (b )   aga in   demons t r a t e s   t he  
s e v e r i t y  of the  impact ,   s ince it shows the   cab in   t op   r i pped   apa r t .  Encroachment 
of t h e   f u s e l a g e ,   f i r e  wall, and   ins t rument   pane l   sec t ion   of   the   a i rp lane   in to  
the   cab in  area and the  reduced volume  of the   cab in   due  to  f o l d i n g  of t he   s t ruc -  
t u r e  is shown i n   f i g u r e   1 8  (c) , which is a view of t h e  port s i d e  of t h e   a i r p l a n e .  
The off-axis   impact  is aga in   apparent ,  as shown by the   photograph   in   f ig -  
u r e  1 8 ( d ) .  The bottom leading  edge  of  the  door is aga ins t   t he   impac t   su r f ace ,  
the  door is folded  outward,  and  the  copilot   and seat are r e s t i n g   i n   t h e  deformed 
door.   .There was cons ide rab le  loss of   cabin volume  on the   s t a rboa rd   s ide   o f   t he  
fuse lage .  The i n t e r i o r  v i e w   o f   t h e   c o p i l o t ' s   p o s i t i o n   ( f i g .   1 8 ( e ) )  shows t h e  
mass ive   i n t rus ion   o f   t he   fu se l age ,   f i r e  w a l l ,  and   ins t rument   pane l   in to   the  
cabin .  A l l  seat l e g s  are sepa ra t ed  from the   f l oo r ,   and   t he   f l oo r -a t t ached   l ap  
belt caused a severe  binding  of   the dummy's p e l v i c   r e g i o n   a g a i n s t   t h e  seat. The 
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c o n t r o l  column  and  wheel are bent  downward as a r e s u l t  of dummy impact. The 
s l i g h t   i n d e n t a t i o n   i n   t h e   i n s t r u m e n t   p a n e l   i n   f r o n t  of t h e  copilot was caused 
when t h e  dummyls head  s t ruck  the  panel .  

Acce lera t ion  Histories 

Time h i s to r i e s   o f   t he   acce le ra t ions   on   t he   cab in   f l oo r   and   i n   t he  dummies 
and of t h e  loads  i n   t h e   r e s t r a i n t   s y s t e m s  are p r e s e n t e d   i n   f i g u r e  19 .  The  nor- 
mal, l ong i tud ina l ,  and t r a n s v e r s e   a c c e l e r a t i o n s   ( f i g s .   1 9  (a) and 1 9 ( b ) )   v a r i e d  
up to -209 except  for t h e   f i r e  wall a t  t h e  floor (,OD8L) . The f i r e  wall con- 
tacted t h e  impact s u r f a c e  and r e g i s t e r e d  -359 a t  abou t   t he  time structural 
pene t r a t ion  of the  cabin  began.  The long i tud ina l   acce l e ra t ions   ex tended   ove r  
0.10 sec, beginning  about   the time the  engine  cowling  contacted  the  ground a t  
0.028 sec. The normal   accelerat ions were somewhat delayed, d i d  no t  s t a r t  
u n t i l   c a b i n   p e n e t r a t i o n  had  reached i t s  maximum, and  extended  only  over  about 
0.06 sec. The normal and t r a n s v e r s e   a c c e l e r a t i o n s  were also lower than  the  lon-  
g i t u d i n a l   a c c e l e r a t i o n ,  as would  be expected because t h e   a i r p l a n e  s t r u c k  nose- 
on   and   s tayed   in   tha t   pos i t ion   dur ing  s k i d o u t .  The a i r p l a n e  floor a c c e l e r a t i o n s  
were l o w  and r e s u l t e d  from t h e   a i r p l a n e   s t r u c t u r e   a b s o r b i n g  much o f   t he  impact 
energy   th rough  s t ruc tura l   c rush ing .  

The g r e a t e s t   a c c e l e r a t i o n s   i n   t h e  dummies o c c u r r e d   i n  t h e  normal   direct ion 
i n   t h e   p i l o t ' s   p e l v i s   w i t h  about -409. The dummy experienced  higher  accelera- 
t i ons   t han  t h e  f loor ,   p r imar i ly   because  of the  impact of t h e  dummy wi th   the  
instrument   panel .  A l l  dummy a c c e l e r a t i o n s  s tar ted when cab in   pene t r a t ion  . 

started and peaked when t h e  dummy came i n t o   f u l l   c o n t a c t   w i t h   t h e   i n s t r u m e n t  
panel .  The l o n g i t u d i n a l   a c c e l e r a t i o n s   i n  the  p e l v i c   r e g i o n  were no more than 
-15g. The p e a k  a c c e l e r a t i o n  of 60g i n   t h e  p i l o t ' s  head  occurred  while  the  head 
was in   con tac t   w i th   t he   i n s t rumen t   pane l .  

The loads experienced by the   shoulder   harnesses  were cons ide rab ly   h ighe r   i n  
t h e   p i l o t  (3400 N )  t h a n   i n   t h e   c o p i l o t  (2000 N )  . The l a p  belts showed t h e  same 
type   of   var ia t ion  (2900 N to  2200 N ) .  The shoulder   harness  loads peaked a t  t h e  
time t h e  dummy impacted the   ins t rument   pane l   wi th  t h e  l a p  b e l t  r e g i s t e r i n g  p e a k  
loads about 0.03 sec later.  The higher  loads i n   t h e  p i lo t ' s  r e s t r a i n t   s y s t e m  
may have occurred because t h e  i n i t i a l  impact on   t he  starboard side caused  the 
c o p i l o t  dummy t o  impact t h e  structure f i r s t .  The p i lo t  dummy, the re fo re ,  had a 
longer time to develop loads i n  i ts  r e s t r a i n t   s y s t e m  before impact wi th   t he  
s t ructure .  

RESULTS AND DISCUSSION OF NOSE-DOWN IMPACT TEST 

Crash Dynamics 

A photographic  sequence  (fig.  20) i l l u s t r a t e s   t h e  crash dynamics  of  the 
a i r p l a n e  test specimen  during a negat ive-pi tch (nose-down) c r a s h   s t a r t i n g  a t  
i n i t i a l  ground  contact.  The a i rp l ane   con tac t ed   t he   conc re t e   impac t   su r f ace   on  
the  nose  landing  gear   with a v e l o c i t y   o f  24.7 m/sec along a f l i g h t   p a t h  of -320, 
a p i t ch   ang le   o f  -30°, a rol l  angle   of  7.5O, and a yaw angle   of  0.7O. The fuse- 
lage  nose  contacted  the impact su r face  0.048 sec a f t e r   i n i t i a l  ground  contact,  
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There  was  a  minor  rebound;  then  the  airplane  slid  to  a  stop  in  a  pitch  attitude 
of  about  -15O.  The  pilot  and  copilot  dummies  pitched  forward  but  did  not  strike 
the  instrument  panel.  The  heads  pivoted  forward  and  downward  and  hit  the  con- 
trol  wheel. 

Assessment  of  Damage 

Postcrash  photographs  of  the  damage  sustained  by  the  nose-down  test  speci- 
men  are  presented  in  figure 21 . The  livable  volume  was  maintained  during  the 
crash  impact  in  the  pilot  and  copilot  positions,  but  the  volume  maintained  in 
the  passengers'  position  was  marginal. 

Figure 21(a) shows  the  final  position  of  the  airplane  and  the  overall 
structural  damage.  The  slope of the  lower  section  of  the  engine  cowling  is 
approximately  the  angle  at  which  the  airplane  impacted  the  concrete.  The  major 
cabin  damage  was  in  the  lower  structure  at  the  main  landing-gear  attachment,  as 
shown  in  figure  21(b)  and  the  close-up  view  in  figure  21(c).  This  fuselage- 
buckling  damage  resulted  from  the  combination  of  main  landing-gear  impact  at  a 
30° angle  and  the  downward  inertia  of  the  aft  end  of  the  fuselage. The  interior 
damage  occurred  in  the  area  of  the  passenger  compartment  with  upheaval  of  the 
floor,  as  apparent  in  figure  21(d).  The  floor-mounted  lap  belt  was  very  tight 
across  the  pelvic  region of the  dummy.  The  rear  seat  legs  had  separated  from 
the  rail,  and  the  front  legs  were  broken.  These  circumstances  allowed  the  dum- 
mies  to  be  thrown  forward  but  not  far  enough  to  contact  the  instrument  panel. 

Acceleration  Histories 

Time  histories  of  the  accelerations  on  the  cabin  floor  and  in  the  dummies 
and  of  the  loads  in  the  restraint  systems  are  presented  in  figure  22.  The  nor- 
mal  accelerations  (fig.  22(a)) on the  floor  were  about  -209 on  the  port  side and 
-259 on the  starboard  side.  The  difference  can  be  attributed  to  the  7.5O  star- 
board  roll  angle  at  initial  impact;  this  roll  caused  higher  accelerations on the 
starboard  side.  The  same  results  were  experienced  in  the  longitudinal  accelera- 
tions,  which  were  about  equal  to  the  normal  accelerations  in  the  same  location. 
These  airplane  floor  accelerations  were  low  and  resulted  from  the  airplane 
structure  absorbing  much of the  impact  energy  through  structural  crushing.  The 
acceleration  values  of  the  fire  wall  at  OF7N  and  OF7L  were  both  -25g.  The  fire 
wall  accelerations  at  OD8L  were  higher,  and  the  traces  resembled  a  sine  wave, 
The  nose  landing  gear  broke  away  close  to  this  location,  The  accelerations on 
the  structure  started  about  the  time  the  engine  propeller  spinner  contacted  the' 
ground  and  lasted  about 0.06 s e c ,  or until  the  structure.,  started  to  collapse, 

The  greatest  accelerations  in  the  dummies  occurred  in  the  normal  direction 
in  the  pelvis  with  about  -259  in  the  pilot  and  about  -4Og  in  the  copilot.  The 
difference  in  accelerations  again  reflected  the  starboard  roll  impact.  There 
were  only  about  -5g  accelerations  noted  in  the  copilot's  pelvis  in  the  longitu- 
dinal  direction.  The  pilot's  head  experienced  about  +20g  in  both  the  normal  and 
longitudinal  directions.  Both  the  delayed  response  and  the  dual  acceleration 
peaks  of  the  dummy's  head  resulted  from  an  input  that  caused  the  pilot  to  pitch 
forward  and  to  suddenly  decelerate  at  the  lowest  position  of  the  head, 
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The loads   exper ienced  by t h e   r e s t r a i n t   s y s t e m  are p r e s e n t e d   i n   f i g -  
ure   22(d) .   There  were two loads app l i ed  to the   ha rness   sys t en .  The f i r s t  load 
occurred d u r i n g   t h e   i n i t i a l   c r a s h  impulse and the  second a t  the  time the  dum- 
mies had pi tched  forward to t h e   f a r t h e s t   p o s i t i o n .  The p i l o t ' s   l a p  belt shows 
two equal  p e a k s  of   about  3900 N. The reason   the  copilot's l a p  belt did n o t  
exper ience   the  f irst  peak is unknown. The shoulder   harness  maximum loads  were 
n e a r l y   t h e  same fo r   bo th  dummies.  However, t h e   l o a d s   f i r s t  peaked a t  about  
2000 N; the   second peaks occurred a t  about  1600 N f o r   t h e  pi lot  and  about 800 N 
f o r   t h e  copilot. 

RESULTS AND DISCUSSION OF THE NOSE-DOWN-ON-SOIL TEST 

Crash Dynamics 

A photographic   sequence  ( f ig .   23)   i l lustrates   the  crash  dynamics  of   the  
a i r p l a n e  test specimen  during a negat ive-pi tch (nose-down) c r a s h   s t a r t i n g  a t  
i n i t i a l  ground (soil) con tac t .  The a i r p l a n e   c o n t a c t e d   t h e  soil  impact   surface 
on  the  nose  gear  with a ve loc i ty   o f   25 .3  m/sec a long  a f l i gh t -pa th   ang le   o f  
-32O and a t  a p i t c h   a n g l e  of -34.5O, a roll  ang le  of -1 . 5O, and a yaw angle  of 
2.0°. The nose  gear  began to f a i l  immedia t e ly   a f t e r   i n i t i a l   g round   con tac t   fo l -  
lowed by the   fuse lage   nose   (cowl ing)  a t  0.03 sec in to   t he   impac t .  The engine 
started to p e n e t r a t e   t h e  soil  impact su r face  a t  0.067 sec, t h e  same time t h a t  
t h e   f i r e  wall and  instrument   panel  started c a b i n   p e n e t r a t i o n .  The p i t c h   a n g l e  
of the   a i rp lane   remained  about cons t an t   du r ing  t h i s  period. Evidence of first 
b u c k l i n g   o f   t h e   a f t   s e c t i o n  of the   fu se l age   occu r red  a t  0.072 sec as the   fuse-  
l age  began to  f o l d  a t  t h e   a f t  end of  the  baggage  compartment. The a i r p l a n e  
c a b i n   s e c t i o n  started to p i t ch   ove r  when t h e  f i re  wall had moved i n t o   t h e   c a b i n  
as far as t h e  seats. A t  0.212 sec, the   cab in   had   p i tched  to a v e r t i c a l  posi- 
t ion ,   whi le   the  a f t  s e c t i o n  of t h e   f u s e l a g e  had p i t c h e d   i n   t h e  opposite  direc- 
t i o n  to an  angle  of -1 7 ,  Oo. A t  t h i s  time, t h e   a i r p l a n e   s t a r t e d   a n  upward 
rebound  which  pulled  the  engine  out  of  the  ground. The a f t   s e c t i o n   o f   t h e   f u s e -  
l a g e  whipped o v e r   u n t i l  it rea l igned  itself wi th   t he   cab in  a t  0.992 sec. The 
a i r p l a n e   t h e n  impacted t h e  soil  on its back a t  1.21 sec i n t o   t h e   c r a s h .  The 
p i l o t  and copilot dummies contac ted   the   ins t rument   pane l  a t  0.173 sec. 

Assessment of Damage 

Postcrash  photographs  of   the damage sus t a ined  by t h e  nose-down-on-soil tes t  
specimen are p r e s e n t e d   i n   f i g u r e  24.  The l i v a b l e  volume was d ras t i ca l ly   r educed  
du r ing   t he   c r a sh  impact on soil.  

Figures   24(a)   and  24(b)  show t h e   f i n a l   a t t i t u d e   o f   t h e   a i r p l a n e  and  the 
o v e r a l l  s t ruc tura l  damage. The e n t i r e   f i r e  wall, engine mount,  and fuse lage  
s t r u c t u r e   i n   f r o n t   o f   t h e   p i l o t  and   copi lo t  is co l l apsed  to wi th in  a few cen t i -  
meters of t h e   a i r p l a n e  seats. The a f t  fuse l age   s ec t ion  is broken j u s t  a f t  of 
the  luggage  compartment. The engine is completely separated from t h e  fuse l age .  
Figure  24(c)  is a close-up  view of the  forward  sect ion  of   the  fuselage  showing 
t h a t   t h e  f i re  wall has  moved back to form a plane  between  the  leading edge of 
t h e  wing  and the  fuselage-wing s t rut  junc t ion .  The copilot 's foot   can  be seen 
pro t ruding   th rough  the  f i re  wall. There is n o t h i n g   l e f t   o f   t h e   f u s e l a g e  
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forward  of  the  leading  edge  of  the  wing.  The  aft  section  of  the  fuselage  is 
shown  in  a  close-up  view  in  figure 24(d). The  fuselage  is  broken  at  the  lug- 
gage  compartment  rear  bulkhead,  and  the  luggage  compartment  volume  has  been 
greatly  reduced.  The  final  position  of  the  pilot  within  the  damaged  airplane 
is shown  in  figure  24 (e). The  fuselage  floor  is  displaced  upward,  pressing  the 
dummy's  head  against  the  upper  cabin  with  the  shoulder  level  at  the  top of the 
door  opening.  The  fire  wall,  fuselage  forward  floor,  and  instrument  panel 
pushed  the  dummy's  legs  back  to  the  front  of  the  seat.  The  lap  belt is attached 
to  the  floor  and is tight  around  the  dummy's  pelvis.  Figure  24(f)  shows  the 
pilot's  station  after  the  dummy  had  been  removed.  It  is  apparent  that  all 
structure  in  front  of  the  pilot  has  been  completely  demolished.  In  addition, 
the  pilot  clearly  contacted  this  structure  head  on  during  the  impact.  Fig- 
ure  24(g)  shows  that  the  copilot's  position  was  about  the  same  as  the  pilot's; 
however,  the  forward  fuselage  structure  shows  more  penetration  into  the  cabin 
area  on  the  copilot's  side  than on the  pilot's  side.  The  copilot  dummy  had  both 
legs  broken  just  below  the  knee  as  a  result  of  the  structural  impact  against  the 
legs. 

Acceleration  Histories 

Time  histories  of  the  accelerations  on  the  cabin  floor  and  in  the  dummies 
and  of  the  loads  in  the  restraint  systems  are  presented  in  figure 25. The  nor- 
mal  accelerations  (fig.  25(a))  indicate  a  reversal  of  the  expected  load  direc- 
tion  during  the  time  that  the  fuselage  cabin  pitched  up  to  a  vertical  position. 
There  was  little  indication  of  the  early  part  of  the  initial  impact  which  ended 
at  about  0.072  sec  as  a  result  of  the  massive  crushing  of  the  forward  fuselage 
structure.  Peak  accelerations  of  about  -459  longitudinally  on  the  floor 
occurred  at  about 0.10 sec  as  all  forward  motion  came  to  a  stop.  The  fuselage 
had  almost  totally  collapsed  by  this  time. 

There  were  negligible  differences  in  the  acceleration  peak  times  for  the 
dummies'  pelvic  regions  and  heads,  since  the  entire  front  of  the  fuselage  moved 
back  to  the  seats.  The  greatest  accelerations  occurred  in  the  pilot's  and 
copilot's  pelvises  and  averaged  about  -5Og  with  a  peak  as  high  as  65g.  The  nor- 
mal  acceleration  in  the  copilot's  pelvis  was  only  -259;  the  low  value  cannot  be 
explained.  The  copilot  received  the  largest  head  accelerations  (-609)  in  the 
normal  direction.  All  other  accelerations  in  the  heads  were  about  -259.  The 
apparent  instability  in  accelerations  probably  resulted  from  the  dummies  bounc- 
ing  around  in  what  was  left  of  the  cabin. 

The  loads  in  the  restraint  harness  systems  ranged  from  about  1500  N  to 
3400 N. The  front  fuselage  structure  had  moved  back  into  the  cabin  and  may  have 
caused  a  reduction  in  the  restraint  system  loading  due  to  body  impact,  since  the 
harness  loads  peaked  at  that  time. 

CONCLUDING REMARKS 

Four  identical  four-place,  high-wing,  single-engine  airplane  specimens  with 
nominal  masses  of  1043  kg  were  crash  tested  at  the  Langley  Impact  Dynamics 
Research  Facility  under  controlled  free-flight  conditions.  These  tests  were 
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conducted  with  nominal  velocit ies  of 25 m/sec a long  the  f l i g h t  pa th  a t  va r ious  
f l igh t -pa th   angles ,   g round-contac t   p i tch   angles ,   and  ro l l  ang le s .  One test sim- 
u l a t e d  a hard  landing;   another   represented a pitched-down,  posit ive ro l l  ( r i g h t  
wing down) c ra sh ;   and ,   t he   t h i rd   s imu la t ed  a n e g a t i v e   p i t c h  (nose-down) c ra sh .  
These  three  a i rplane  specimens were crashed  on  concrete.  A fourth  specimen was 
crashed  a t  t h e  same f l i g h t   a t t i t u d e  as t h e   t h i r d ,   b u t  impacted on soil  i n s t e a d  
of conc re t e  . 

The l i v a b l e  volume (i .e. ,  a volume s u f f i c i e n t   i n   s i z e  to main ta in  space 
be tween  the   occupants   and   the   s t ruc ture)   in   the   cab in  of the  hard-landing  and 
nose-down specimens was main ta ined ,   a l though  there  was some i n t r u s i o n   o f   t h e ,  
f l oo r   s t ruc tu re ,   ove r   t he   ma in   l and ing  gear, i n t o   t h e   c a b i n  of t h e  nose-down 
specimen.  The l i v a b l e  volume i n   t h e   c a b i n  of t h e  roll-impact and nose-down-on- 
soi l  specimens was s ign i f i can t ly   r educed  by s t ruc tura l  p e n e t r a t i o n   i n t o   t h e  
cabin .  The p i lo t  and copilot dummies impacted t h e   i n s t r u m e n t   p a n e l   i n   b o t h   t h e  
la t ter  specimens  during impact. A l l  specimens,  except  the  hard-landing speci- 
men, sus ta ined   mass ive  damage i n   t h e  form of s t r u c t u r a l   c r u s h i n g   i n   t h e   f o r w a r d  
s e c t i o n  of the   fu se l age .  The nose-down-on-soil  specimen  sustained  massive 
s t r u c t u r a l  damage t h r o u g h o u t   t h e   e n t i r e   a i r p l a n e .  

The acce le ra t ions   on   t he  floor of the roll-impact and nose-down specimens 
were nominally -2Og to  -25g .   These   a i rp lane   f loor   acce le ra t ions  were low and 
resulted from t h e   a i r p l a n e   s t r u c t u r e   a b s o r b i n g  much of   the  impact energy  through 
s t r u c t u r a l   c r u s h i n g .  The longi tudina l   acce le ra t ions   on   the   f loor   o f   the   nose-  
down-on-soil  specimen were higher (-45g) as a result of the almost complete col- 
lapse of t he   fu se l age   and  the  very  sudden stop i n   t h e   l o n g i t u d i n a l   d i r e c t i o n .  
The hard- landing  a i rplane  specimen  experienced  very small a c c e l e r a t i o n s  on t h e  
f l o o r .  

The acce lera t ions   exper ienced  by t h e  dummies' p e l v i s e s   i n   t h e  roll-impact 
and nose-down specimens were about  -4Og i n   t h e  normal d i rec t ion   and   no  more than  
-15g i n   t h e   l o n g i t u d i n a l   d i r e c t i o n .  The dummies i n   t h e  nose-down-on-soil speci- 
men expe r i enced   acce le ra t ions  as high as -65g i n   t h e   p e l v i c   r e g i o n .  The accel- 
e r a t i o n s   i n   t h e  dummies' heads i n  t h e  roll-impact and  nose-down-on-soil 
specimens peaked a t  about  -6Og as a resul t  of   head-structure  impact. The accel- 
e r a t i o n s   i n   t h e   h e a d s  of the  dummies i n   t h e  nose-down specimen were about  +20g, 
s ince   t hey  d id  n o t  impact t h e   s t r u c t u r e .  

The loads  experienced by t h e   r e s t r a i n t  system? in   the  hard- landing  specimen 
were on ly  a b o u t  600 N .  The shoulder  harness  and lap bel ts  i n   t h e  roll-impact 
and  nose-down-on-soil  specimens  experienced  average loads of  about 3400 N and 
2600 N, r e s p e c t i v e l y .  The nose-down specimen  experienced loads i n  t h e  opposite 
order of the  other   specimens,  a b o u t  2000 N on the   shoulder   and  a b o u t  3900 N i n  
t h e  lap bel t .  The  absence  of impact between t h e  dummy a n d   s t r u c t u r e   i n   t h e  
nose-down specimen  probably caused t h i s   d i f f e r e n c e .  

Langley Research Center 
National  Aeronautics  and Space Adminis t ra t ion  
Hampton, VA 23665 
Ju ly   11 ,  1980 
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. .  

Umbilical  cable 

-Suspended a i r c r a f t  a t  
predetermined  height 

Figure 3.-  Full-scale  airplane  crash-test  technique. 





Water line 0 y Flight-path  angle 
cy Angle of attack 
6 Pitch  angle, 

e = y  + a  

Flight  path 1 +Z normal 

+Y 

$J Yaw angle 

+Y 

+X longitudinal 

Figure 5.- Def in i t ion  of f l i g h t  path, crash  at t i tudes ,   axes ,  
and force d irec t ions .  
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(a) Hard-landing test. 

F l igh t -pa th   ang le ,  Y -17.0° 
Angle of a t t a c k ,  a 30.50 
P i t c h   a n g l e ,  0 . 13.5O 
R o l l   a n g l e ,  @ 3.50 
Yaw a n g l e ,  $J -11.5O 
F l i g h t - p a t h   v e l o c i t y  22.7 m/sec 
P i t c h i n g   v e l o c i t y  0 . 4 3   r a d l s e c  

(b) Roll-impact test .  

F l igh t -pa th   ang le ,  y -34.5O 
Angle of  a t t a c k ,  cx -4 .50 
P i t c h   a n g l e ,  0 739.0' 
X011 a n g l e ,  4 18.6O 
Yaw a n g l e ,  9 3.2O 
F l i g h t - p a t h   v e l o c i t y  25.9  m/sec 
P i t c h i n g   v e l o c i t y  0 .79   rad /sec  

. . ... . 

. .- 
"" . . I  

6 8 0 - 1  76 
Figure 6.-  Airplane  pretest   photographs and crash- te s t  

a t t i t u d e s  and parameters. 



(c) Nose-down test. 

Fl igh t -pa th   ang le ,  Y -32.0' 
Angle of  a t t a c k ,  cx 2 . 0 0  
P i t c h   a n g l e ,  8 -30.0° 
Rol l   ang le ,  ($ 7.5O 
Yaw a n g l e ,  $ 0.7O 
F l i g h t - p a t h   v e l o c i t y  24.7 m/sec 
P i t c h i n g   v e l o c i t y  0 .61  rad/-sec 

-.. '.. 

(d)  Nose-down-on-soil test. 

F l igh t -pa th   ang le ,  y -32 .  O o  
Angle o f  a t t a c k ,  a 2.5O 
P i t c h   a n g l e ,  8 -34.50 
Rol l   ang le ,  ($ -1.5' 
Yaw a n g l e ,  $ 2 .oo 
F l i g h t - p a t h   v e l o c i t y  25.3 n / s e c  
P i t c h i n g   v e l o c i t y  0.35 r a d / s e c  

6 8 0 - 1  77 
Figure 6 . -  Concluded. 
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6 8 0 - 1  78 
Figure 7.- Typical  airplane test specimen in  crash-test   preparation.  

!!? 



6 7 7 - 4 4 6 4  
Figure 8.- General  configuration of a irplane   inter ior ,  Seats, dummies, 

and restraint  system  before test. 



6 7 7 - 3 1  96,l 
Figure 9.- General  configuration of port side of airplane 

interior  before test. 





6 7 7 - 4 4 6 3  
Figure 1 1  .- Camera  and  light  mounted  on  port  wing for viewing  the 

pilot's  position. 



Figure 12.- Camera mounted in  instrument  panel for v iewing  p i lot  
and c o p i l o t  dummies. 



rn - Floor  and  fire wall 
A - Seat leg 
+ - Crew 

L AL 3 , , "" , . . . 

Accelerometers i n  dummies 
Pilot,  pelvic,  normal* 4 ~ 8 ~  Copilot,  pelvic,  normal 4FllN 
Pilot,  pelvic,  longitudinal** 4 ~ 8 ~  Copilot,  pelvic,  longitudinal 4Fl lL  
Pilot,  head,  normal 4 1 8 ~  Copilot,  head, normal 4 I l l N  
Pilot,  head,  longitudinal 4 1 8 ~  Copilot,  head,  longitudinal 4 I l l L  

* Along  spine. 
** Perpendicular to spine. 

Figure 13.- Diagram of accelerometer locations  on  airplane 
structure  and in dummies. 
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(a) View of front of airplane. 

Figure 15.- Postcrash ‘damage of hard-landing test. 

h, 
W 



w 
0 

(b) View of nose  landing  gear and f i r e  wall. 

Figure  15.-  Continued. 

677-1  872.1 
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6 7 7 - 1  878 
(dl View of t r a i l i n g  edge of wing a t  fuselage  junction. 

Figure 15.- Concluded. 



25 

2D8N 0 
-25 

25 
2D10N ' C 

-2E 

2E 
Accelerations, 2D l lN  c 

-2E 
g units 

2E 
6D8N c 

-2E 

2: 
6D10N ( 

-2! 

Starboard main gear  contact 
Port main gear  contact 0.027 sec 

Main gear maximum deflection 0.118 sec 
Cabin f loor  

Cabin floor 

I I Cabin f loor  

I Cabin floor 

0 .04  .08 .12 .16  .20  .24  .28  .32  .36 

Time, sec 

(a) Normal accelerations of cabin floor. 

Figure 16.- Acceleration and load histories on board hard-landing 
test  spec  imen . 



Starboard main gear  contact 
Port main gear  contact 0.027 sec 

Main gear maximum deflection 0.118 sec 

25 
2D8L 0 

-25 

25 
2D10L 0 

-25 

25 
Accelerations, 2DllL 

g units 
-25 

25 
6D10L 0 

-25 

25 
6DllL 0 

Cabin f loor  

-25 
0 .04 .08  .12 .16 .20  .24  .28  .32  .36 

Time, sec 

(b) Longitudinal  accelerations of cabin floor. 

Figure 16.- Continued. 
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Accelerations, 
g units 

25 
4F8N 0 

-25 

25 
4F8L 0 

-25 

25 
4FllN 0 

-25 

25 
4Fl lL 0 

-25 

25 
41 8N 0 

-25 

2! 
41 8L 

-2! 

2! 

4I l lN  ( 

-2! 

-Starboard  main  gear  contact 

r Port  main  gear  contact 0.027 sec 
,-Main gear  maximum  deflection 0.118 sec 

Copi lot head 

0 .04  .08  .12  .16  .20  .24  .28  .32  .36 

Time,  sec 

(c) Accelerations in pilot and copilot dummies. 

Figure 1 6. - Continued. 
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1000 
P i l o t  - 

shoulder 0 " 
-------"r 

- 1000 1 

1000 
0 

-1000 

Copilot  
shoulder 

Force, N 
1000 

0 
- 1000 

P i l o t  
1 aP 

1000 

0 
- 1000 

Copi 1 o t  
1 aP 

0 .04 .08 .12 .16 .20 .24 .28 .32 .36 
Time, sec 

(d) Loads i n  r e s t r a i n t  harness system. 

F igure  1 6 .  - Concluded. 
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Time = -0.022 sec 

Time = 0.128 sec 

Time = 0.278 sec 

Time = 0.028 sec 

Time = 0.178 sec 

Time = 0.328 sec 

Time = 0.078 sec 

Time = 0.228 sec 

Time = 0.378 sec 

Time = 0.428 sec Time = 0.478 sec 
6 8 0 - 1  79 Figure 17.- Crash  sequence  photographs of rol l - impact  test. 

- 

Time = 0.528 sec 
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677-321 2 
(a)  View of front  of airplane.  

Figure 18.- Postcrash damage of roll-impact test. 



(b) View of top of fuselage and wing junction. 

Figure  18, - Continued. 

L-77-3168 



677-321 1 
(c) View of port   s ide  of airplane.  

Figure 1 8. - Continued. 



677-31 99 
(d) Close-up  view of starboard  side  door. 

Figure 1 8 .  - Continued. 



(e) V i e w  of c o p i l o t  dummy and i n t e r i o r  of airplane.  

Figure 1 8 .  - Concluded. 
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4D9N 

6D8N 

6DllN 

Accelerations, OD8L 
g units 

4D9L 

6D8L 

6DllL 

-Nose landing  gear  contact 
Engine cowling contact 0.028 sec 

Wing t i p  contact 0.035 sec 
Cabin penetration  starts  0.06.sec 

Dummy against  instrument panel 0.11 sec 
r Port wing breaks 0.13 sec 

Cabin f loor 

25 
0 

-25 

0 .04  .08  .12  .16  .20  .24  .28  .32  .36 
Time, sec 

(a)  Accelerations on cabin  floor  and  fire wall at  floor. 

Figure 19.- Acceleration  and  load  histories onboard roll-impact 
test  specimen. 



Nose landing gear  contact 
Engine  cowling  contact  0.028  sec 
Wing tip  contact  0.035  sec 

Cabin  penetration  starts 0.06 sec 
Dummy  against  instrument panel 0.11 sec 

Port wing breaks 0.13 sec 

25 
0 

-25 

Cabin  floor 
25 
0 

-25 

25 
0 

-25 

25 
0 

-25 

Cabin f 1 oor 

25 
0 

-25 
0 .04 .08 .12 .16 .20 .24 .28 .32 .36 

Time, sec 

Accelerations, 
g units 

OD8T 

4D9T 

6D8T 

6DllT 

4E8N 

(b) Transverse  accelerations on cabin  floor  and  normal  accelerations 
of pilot's seat leg. 

Figure 19.- Continued. 

44 



Nose  landing  gear  contact 

Dummy  against  instrument panel 0.11 s 

25 
Pilot  pelvis 

" - - . .. - - - . . . "" - -" " . " 

0 ""\ . . ." . ~ . . . . . . - 
" H  

/- 

-25 ~ _" _ _ _ . ~  - " .  . ~. 

Accelerations , 
g units 

4F8M 

4F8L 

4FllL 

4Fl lT 

41 8N 

418L 

" I I I  Copilot  pelvis Copilot  pelvis 

" 

25 - Copilot pel vis 
~ ... ~". -. .. 

0 -  "#+-"=-- 
-- i~ 
-/ 

- I  

-25 t"l - - t  - - - - L  r -t L " L  -1. I". 

" 

25 - Copilot pel vis 
~ ... ~". -. .. 

0 -  "#+-"=-- 
-- i~ 
-/ 

- I  

-25 t"l - - t  - - - - L  r -t L " L  -1. I". 

50 

25 

0 
-25 

100 
50 

25 

0 
-25 

Pilot head 

"" 

I I  Pilot  head 

0 .04 .08 .12 .16 .20 .24 .28 .32 .36 

Time,  sec 

,ec 

(c) Accelerations in pilot  and  copilot  dummies. 

Figure 19. - Continued. 



s ec 

Force, N 

0 .04  .08 .12 .16 .20 .24  .28  .32  .36 
Time, sec 

(d l  Loads i n  restraint  harness system. 

Figure 1 9 .  - Concluded, 
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. . .  . 

Time = 0.00 sec Time = 0.05 sec Time = 0.10 sec 

Time = 0.1  5 sec Time = 0.20 sec Time = 0.25 sec 

Time = 0.30 Sec  Time = 0.35 SeC  Time = 0 .40  sec 
L-77-1023 

Figure 20.- Crash sequence photographs of nose-down test .  
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6 7 7 - 7 7 7  
. ”. 

(b) View of af t  sec t ion  of airplane. 

Figure 21.- Continued. 



( c )  View of bottom of a irplane   fuse lage .  

Figure 21.- Continued. 



677-873 
(d)  View of cop i lo t ' s   s ea t  and interior of airplane. 

Figure 21 .- Concluded. 
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1 andi ng gear  contact 
- Fuselage  nose  contact 0.048 sec 

Propeller  spinner  contact 0.06 sec 
Cowling  starts  deflection 0.12 sec 

Cabin  floor 

I I Cabin floor 

I I Cabin floor 

I I Floor  at  fire wall 

Cabin floor 
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-6 

"- " 

0 .04  .08  .12  .16  .20 
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Acceleration on cabin  floor  and  fire wall 

.24  .28  .32  .36 

at floor. 

Figure 22.- Acceleration  and  load  histories  onboard  nose-down 
test  specimen. 
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Figure 22.- Continued. 
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(c) Accelerations in  the pilot and copilot dummies. 

Figure 22.- Continued. 
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Figure 22 .- Concluded. 
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Figure 23.- Crash sequence photographs of nose-down-on-soil t e s t .  
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(a) View of port  side of airplane, 

Figure 24.- Postcrash damage of nose-down-on-soil test. 



(b) View of front  of airplane. 

Figure  24.-  Continued. 
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Figure 24.- Continued. 

59 



ul 
0 

L-77-436! 
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Figure 24.- Continued. 
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(e)  Close-up view of pilot's position in crashed  airplane. 

Figure 24.- Continued. 
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(f) Close-up view of pilot's station with dummy  removed. 

Figure 24.- Continued. 
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(9) Close-up  view of c o p i l o t ' s   p o s i t i o n  i n  crashed  airplane.  

Figure 2 4 . -  Concluded. 
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(a) Accelerations  on cabin floor and  pilot's seat leg. 

Figure 25.- Acceleration and  load  histories  onboard  nose-down-on-soil 
test  spec  imen , 
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(b) Accelerations in pilot and  copilot  dummies. 

Figure 25.- Continued. 
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Figure 25.- Continued. 
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